This paper presents the effect of machining parameters on material Hardness and Voltage during turning of hard porcelain material on CNC turning machine (SINUMERIK802D) at different level. In this work, all the machining parameters namely, cutting speed, feed rate, angle of cut and depth of cut were designed using Mixed Taguchi L18 method. The impact of all the input parameters on the response parameters (material Hardness and Voltage) was optimized using grey relational analysis (GRA). The result of developed mathematical model was examined by ANOVA. Experimental results indicate that the depth of cut (DOC) and cutting speed (CS) were the leading parameters that affect the Hardness and Voltage of material, which can be diminished when the depth of cut and cutting speed were kept at the lower level, while angle of cut and feed rate were kept at the highest level. The effect of angle of cut and feed rate were found to be insignificant as compared to the other factors. Finally, the confirmation test was carried out to measure the effectiveness of applied methodology.
INTRODUCTION
Turning is one of the most important machining methods used to shaping the metals because turning has a wide range of operating conditions. Conventional turning employs a unique behaviour, which is different from hard turning. In today's market every industry planned their manufacturing process to meet either maximum quality or minimum cost of their product.
The Material Hardness and Voltage can be considered as the most important factor form the point of view of manufacturing industries for better product quality and its wide range of functioning in industries (Wang et al, 2010) . Based on customer demand, it is important to maintain the Material Hardness and Voltage as per requirement for better quality, minimum cost of product. It is a characteristic that improve the performance of mechanical parts as well as production cost of the product (Asiltürk et al, 2012) .
Manufacturing products have two most significant problems these are process modelling and optimization. The manufacturing processes are characterized by multiplicity of dynamically interacting process variables (Mahapatra et al, 2006) . In recent years various significant advantages have been finding in cutting tool and machine tool. Many surface roughness modelling, simulation and optimization system were designed by using different cutting parameters and optimization methods. Some of literature studies are given bellow. Parida et al. (2014) Conducted the effect of process parameters like spindle speed, feed rate and depth of cut on surface roughness (Ra) and material removal rate ( MRR) in machining of glass fiber reinforced polymer (GFRP) using grey relational analysis and an appreciable result has been reported with this approach. Sarikayaet. al. (2015) conducted the effects of cutting fluid, fluid flow rate and cutting speed on flank wear, notch wear and surface roughness were investigated in the turning of difficult-to-cut alloy Haynes 25. The predictive quadratic models were derived by Taguchi based grey relational analysis (GRA). Jayaramanet. al. (2014) conducted the Optimization of machining parameters during turning operation by considering multiple responses surface roughness, roundness and material removal rate (MRR) simultaneously are performed using multiple responses based on orthogonal array with grey relational analysis (GRA). Nayak et al. (2014) conducted the Dry turning of AISI 304 Austenitic Stainless steel using input parameters as cutting speed, feed rate and depth of cut with the approach of Grey relational analysis (GRA). Khan et al. (2014) investigates the effect of the WEDM process parameters on the surface roughness average and the kerf width of the stainless steel (SS 304). Nine experimental runs based on an orthogonal array of Taguchi method are performed and grey relational analysis method is subsequently applied to determine an optimal WEDM parameter setting.
The Hardness (HR) and Voltage (V) have been identified as quality aspects and are assumed to be directly related to performance of mechanical sections (Oliveria et al, 2009) . Beside from quality, there exist another criterion called Productivity which is directly proportional to the profitability and goodwill of an organization. For these reasons, there has been research and development with an aim of optimizing cutting conditions to obtain desired machining results. As per the Literature and new research in the field of optimization, Mixed Taguchi based grey relational analysis is being used to optimize the process, which provides a suitable polynomial equation for describing the optimal results.
The key objective of present work is to identify the efficient optimal machining parameters for multiple quality characteristics by using the Hardness and Voltage values (HRand V) as multi objective functions via Mixed Taguchi based grey relational analysis for CNC turned Hard porcelain.
Experimental Details
According to the literature survey and on the basis of specification of material, finally the four input parameters and their level of experiments are selected in this work. These parameters are cutting speed (CS), feed rate (FR), angle of cut (AOC) and depth of cut (DOC). Mixed Taguchi's L18 orthogonal array in the design of experiment technique has been employed to conduct the experimental matrix. All the input parameters that is cutting speed (CS), feed rate (FR), angle of cut (AOC) and depth of cut (DOC) with two level of cutting speed, and three level of feed rate, angle of cut and depth of cut and then 2x3x3x3 = 54 runs were required in the experiment for four input parameters. But Mixed Taguchi's orthogonal array approach reduced number of experimental run to 16 experiments from 54 experiments. All the experiments were conducted on CNC Vertical Turning machine (SINUMERIK802D). The experimental conditions have been given in the Table1. 
Material
In this experimental study, the material to be machined is hard porcelain which is the combination of Quartz powder, feldspar powder, ball clay and kaolin with various chemical compositions. Examination of machined material was carried out using suitable instruments at different values as per the requirement. The dimensions of specimen are 3000mm length and 400mm diameter.
The chemical composition of clay specimen is given below in Table  2 . Table 2 . Chemical composition of the material
The cutting tool used is made up of Al2O3 (R7.5,10 0 ). Cutting tool dimensions is 15mm OD and 10 0 Angle. The machining operations are taken as per the conditions given by the design matrix randomly so as to avoid the mathematical errors. Material Hardness (HR) and Voltage (V) can be taken as output in this study.
Fig. 1 Experimental setup of hard turning
The material and turning machine used in this study is shown in Fig.1 . Hardness (HR) and Voltage (V) of the machine test specimen is measured using pentameter hardness tester and HGURU pressure gauge respectively.
MULTI-OBJECTIVE OPTIMIZATION: GRA
Grey relational analysis is an optimization method which transform multi objective problem into a single objective. The use of this study was to determine the optimal combination of process parameters that simultaneously minimize the Material Hardness (HR) and Voltage (V). In order to achieve this, grey relational analysis was employed.
In this study, Mixed Taguchi method is used to determine the optimal turning parameters. The configuration of orthogonal array depends on the degree of freedom of the objective function. Suitable array L18 (standard three level orthogonal array) is used which needs 18 runs. The value of response parameters is now calculated for each 18 trials and is represented in Table 3 . The optimization of multiple performance characteristics using grey relational analysis (GRA) includes the following process steps (Kasdekar et al, 2014):
Fig. 2 Process steps of Grey Relational Analysis

Normalization the S/N ratio
The first step in Grey Relational Analysis is to normalize the experimental data in the range of 0 to 1 according to the type of performance response which is known as Grey relational generation. 
Where z j * (k)and (0) ( ) are the normalized and experimented data respectively for j th experiment using k th response. min z j (0) (k) and max z j (0) (k)are the smallest and largest values of (0) ( ) in the k th response respectively. The deviation sequence for reference and comparability sequence is given as:
Where () oj k  is deviation sequence. The normalized value of HR and V measured by equation (1) with their deviation sequence measured by equation (2) is shown in 
Determination of Grey Relational Coefficient (GRC)
After pre-processing the data, Grey relational coefficient for all the sequences is calculated to express the relation between the ideal (best) and actual normalized experimental results. GRC based on equation (3) for each performance characteristics is shown in Table 5 . The Grey relational coefficient can be given as follows:
Where  is the distinguishing factor between the range of 0≤  ≤ 1.
Most widely it is considered as 0. 
Determination of Grey Relational Grade (GRG)
The complete assessment of the performance characteristics is based on Grey Relational Grade (GRG). It is determined for arranging the Grey Relational Coefficient (GRC) corresponding to the each performance characteristics. GRG is an average sum of GRC and it is given in equation (4) as follows: The value of Grey Relational Grade (GRG) for each performance characteristics is given in Table 6 below. The smallest value of GRG is near to the product quality for optimum process parameters. Figure  3 shows the response according to the GRG values.
Fig. 3 Variation of GRG values with Experimental run
RESULTS AND DISCUSSION
In this study, multiple performances are identified using Grey Relational Analysis (GRA) to a single response i.e., GRG for ease of optimization. Three process parameters that are cutting speed, feed rate, angle of cut and depth of cut are selected for optimization of Hardness and Voltage simultaneously. The steps for finding GRG for each performance characteristics are mentioned in section 3. The experimental data shown in Table 3 is used to calculate the normalized value of Hardness and Voltage which are presented in Table 4 with their deviation sequences. The normalized values are used to calculate the GRC's values for each response using equation (3) . After calculating GRC's the value of GRG for each experimental run is calculated using equation (4) . According to GRG rule, all the experimental run are associated to "smaller-the-better characteristic" (Tosun et al, 2010) . Plot for input parameter values versus GRG values is shown in figure 4 below:
Fig. 4 Input parameters versus Grey Relational Grade (GRG)
The impact of each control factor can be clearly shown in Figure 4 , with response graph. This figure helps to find out the ideal machining parameters (the level with the highest point on the graphs) as well as to find out the effect of each parameter on GRG mean value (the general slop of the line). The line in Figure 4 , which connects between the levels, can clearly show the powerful impact of each control factor. The main effects plots are used to conclude the optimal cutting conditions to obtain the optimum value of output. Figure 4 shows that, with the increase in spindle speed there is slight increment in GRG value up to 300 m/min. The lowest GRG value obtained at 200 m/min. As the feed rate increases from 7 mm/rev to 11 mm/rev the value of GRG is increased continuously. Angle of cut increases from 0 to 10 degree, the GRG is increased and lowest value obtained at 0 degree. As the depth of cut varies from 2.5 to 3.5 mm. the value of GRG increased and lowest value is obtained at 2.5 mm. The Analysis of the results from the plot, used to find out the optimal setting levels of process parameters. From the figure, it is clear that the process parameters have the GRG value above 0.5 except depth of cut (DOC). The slope of these curves in the graph is more for depth of cut (DOC) which indicates DOC as the most influential factor that affects the responses most. The graph exposes optimal machining setting for optimal results as (CS = 200 m/min., FR = 7 mm/rev., AOC = 0 degree, DOC = 2.5 mm).
In addition, the mean values of GRG for each level of machining parameters, and the total mean of GRG is illustrated in Table 7 . The smaller value of GRG means comparability sequence has a strong correlation to the reference sequence. Average Grey Relational Grade (GRG) = 0.6087 Table 7 indicates the mean response table for Grey Relational Grade (GRG) that is achieved by calculating the average value of each process variable at its corresponding level. Bold values indicate the smaller-is-better characteristics at each level of all the factors. The Rank of all parameters indicates that the depth of cut (DOC) has the most influential factor that affects the responses most. In order to obtained optimum output, the optimal combination of machining parameters as shown from mean response Table indicate that, depth of cut (DOC) were kept at level 1, angle of cut (AOC) at level 1, cutting speed (CS) at level 1 and feed rate (FR) at level 1.
Analysis of Variance (ANOVA)
The ANOVA is used to identify the significant process parameters more accurately by investigating the relative importance of process parameters (Ross, 1996) . Analysis of variance essentially consists of separating the total variation in an experiment into components which helps to find out the controlled factors and error. The statistical implication of parameters is evaluated by the P-value of ANOVA table. The term sum of square in ANOVA table is used to determine square of deviation from the grand mean. F-ratio is used to check the adequacy of the model in which calculated value of F should be greater than the F-table value. The model is adequate at 95% confidence Level since the F calculated value is greater than the F-table value. When the value of P from ANOVA table, is less than 0.05 (or 95% confidence), the obtained models are considered to be statistically significant (Agrawal et al, 2015) .
Analysis of Variance (ANOVA) for Grey Relational Grade (GRG) values are shown in Table 8 . In ANOVA, the percentage contribution indicates the most influential parameter that affects the responses. Form the Table, it is observed that, depth of cut (DOC) and cutting speed (CS) are the most influential parameters with the percentage contribution of 23.19% and 20.39% respectively, while the changes in the range of feed rate (FR) and angle of cut (AOC) given in Table 8 have insignificant effect.
Confirmation test
After selecting the optimal setting of machine parameters, the final step is to predict and verify the improvement of the performance characteristics using the optimal setting of machine parameters. The estimated or predicted value using the optimal parameters setting can be calculated as (Maiyar et al, 2013 ):
Where γ j is the mean value of all the experimental run of GRG, γ k is the mean of GRG at optimum level and m is the number of machining parameters that affects the performance characteristics. To identify that the applied optimization method is effective for quality improvement, the initial machining parameters are assumed as CS = 200 m/min., FR = 7 mm/rev., AOC = 0 degree and DOC = 2.5 mm. At this initial machine setting the experimental values of Material Hardness (HR) and Voltage (V) are 1.00 and 43.00 respectively. The result of confirmation test using the optimal machining setting is shown in Table 9 below: 
CONCLUSION
In the present study, the application of Mixed Taguchi based Grey Relational Analysis (GRA) are used to develop multi-objective Optimization of process parameters of CNC turning machine using Hard Porcelain as work piece material. Based on this, the design matrix for all the experiments are conducted using Mixed Taguchi L18 orthogonal array. After using this technique, the multi response variables are converted into a single response Grey Relational Grade (GRG) and then simplify the Optimization Procedure. The four machining parameters are optimized to achieve the objective of the study. Based on the analysis, following results are to be found:
This Research work defines the application of Mixed Taguchi Orthogonal array combined with Grey Relational Analysis (GRA) to optimize the multi objective performance characteristics of Hardness (HR) and Voltage (V) of Hard Porcelain material. Based on the Analysis of Variance (ANOVA) for Grey Relational Grade (GRG), it was found that, the parameters depth of cut (DOC) and cutting speed (CS) are the dominant parameters that affect the responses most with the percentage contribution of 23.19% and 20.39% respectively in bringing down the average response value. The effectiveness of the applied approach was verified by confirmation test. Based on this, it was found that the Grey Relational Grade (GRG) for performance characteristics is improved by 0.0713 by using this method. The optimal setting of process parameters was found to be CS1 = 200 m/min., FR1 = 7 mm/rev., AOC1 = 0 degree and DOC1= 2.5 mm. The predicted value of GRG was found to be 0.2622. The experimental and computational efforts needed to optimize these parameters. It was illustrated that the applied method (GRA) was efficient and effective for multi-attribute decision making problem in Hard Turning.
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